tion.
Volatile profiling, which aims to analyze several predefined volatile targets 8 , has been used as a tool to assess changes or differences in predefined volatile compounds of several types in both foods and biological systems 9 13 . Hydrodistillation HD is a process traditionally used for the extraction of the essential oils from aroma-active and medicinal plants on a laboratory scale. However, in the case of HD, the possible hydrolysis and hydrosolubilization of certain compounds are a serious obstacle to the reproduction of natural fragrances 14 . Solvent-assisted flavour evaporation SAFE is an effective technique for volatile extraction, and it allows for careful isolation of volatile compounds from complex matrices 15 . With the use of SAFE, high recovery has been achieved even for high-boiling-point compounds 16 . Both HD and SAFE have been used to extract volatile compounds with the maximum possible effiency. Therefore, pyrolysis by the high tempera-ture can be avoided, can reproduce in more fresh flavor. This has been used in recent years 17 . However, there are no detailed reports on the aroma evaluation of M. obovata leaves.
In flavor analysis, gas chromatography-olfactometry GC-O is the most widely used method for the evaluation of odorants. In particular, GC-O including aroma extract dilution analysis AEDA is more convenient method for estimating the contribution of the most odor-active compounds to the overall aroma/flavor. AEDA is a useful method for obtaining desirable results on the aroma-active compounds through sniffing analysis. By sniffing serial dilutions of an essential oil and aroma extract, the volatile compounds can be ranked in to the order of odor potency 18 . Odor potency is expressed in terms of the flavor dilution factor FD-factor . FD-factor is the ratio of the concentration of a compound in the initial extract to the most diluted concentration at which the odor is detectable by GC-O. The odor active value OAV , as the ratio of the concentration of an odorant and its odor threshold, is used to identify volatiles that have a larger contribution to the overall aroma. Several methods of identification of compounds with a high OAV, such as AEDA, have been developed 19 . Although AEDA is considered a precise method, it frequently requires odorants with a high OAV for the aroma description 20 . Therefore, OAV calculation can be used as an easy approximation to correlate the quantities of volatile compounds with the capacity of humans to perceive them, thus making it possible to determine the potency of the key volatile compounds influencing aroma 8 .
The aim of the present study is to investigate the characteristic odor compounds of essential oil from M. obovata leaves by AEDA and OAV using two sample preparation methods.
Experimental

Plant material
Fresh M. obovata leaves were obtained from Kyoto prefecture, Japan in May 2010. Plant identification was performed in the biotechnology laboratory at Kinki University. A voucher specimen was deposited at the biotechnology laboratory of Kinki University in Osaka, Japan.
Hydrodistillation HD
Fresh M. obovata leaves 100 g: cut into 1 cm 2 pieces with a pair of scissors were hydrodistilled for 3 h using a Likens-Nickerson-type apparatus with a diethyl ether as the solvent. The obtained oil was dried over anhydrous sodium sulfate. The yield of the oil was 0.050 w/w . The oil was stored at 4 in a refrigerator prior to analysis.
2.3 Solvent-assisted avor evaporation SAFE Fresh M. obovata leaves 100 g were frozen in liquid nitrogen, and then crushed. To the crushed leaves, dichloromethane 300 ml was added as a solvent, and the mixture was stirred and extracted. The extractant was allowed to stand for 2 days, and subsequently, the residual substances were filtered using filter paper. The filtrate was further dried over anhydrous sodium sulfate, and then concentrated to approximately 50 ml by SAFE 15 . The SAFE system used for the extraction of volatiles consisted of two liquid nitrogen-cooled traps, a transfer head, and a round-bottom flask. The whole system was operated under high vacuum approximately 10 4 Torr . The volatile compounds were collected in a trap, which was submerged in liquid nitrogen to yield 0.032 w/w of light-green oil. The volatile compounds were stored at 4 in a refrigerator prior to analysis.
Gas chromatography-mass spectrometry GC-MS
An Agilent 6890N gas chromatography-5973 MSD mass spectrometer was used for the GC-MS analysis. The samples were analyzed using a fused-silica capillary column, HP-5MS 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 μm and DB-WAX polyethylene glycol, 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed as follows: increase 40 to 260 at the rate of 4 /min, with a held at 260 for 5 min. The flow rate of the carrier gas He was 1.5 mL/min. On the DB-WAX column, the oven temperature was increased from 40 to 240 at the rate of 4 / min and held at 240 for 5 min. The injector and transfer line temperatures were 230 , and the ionization energy was 70 eV. The mass range was 39-450 amu. One μL of the sample was injected, and the split ratio maintained was 1:40.
Sniffing test by GC-olfactometry GC-O
A trained panel of sensory evaluation specialists measured the odor intensities of the main aroma-active constituents of M. obovata leaves. Ten panellists, aged 21 to 26 years 8 males and 2 females, members of Kinki University, Japan , participated in this study. Sensory analysis sessions were performed only after suitable training 30 h . The sniffing test by GC-O was carried out using an Agilent 6890N chromatography-5973 MSD mass spectrometer and sniffing port ODP 2 Olfactory Detector Port 2, Gerstel . The GC instrument was equipped with a HP-5MS column 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 μm . The samples were injected into the GC in splitless mode. The GC effluent from the capillary column was split in a 1:1 v/v ratio between the mass spectrometer and the sniffing port. The oven conditions, injector and transfer line temperatures, the carrier gas, flow rate, and ionization mode were the same as those described above for the GC-MS.
Aroma extract dilution analysis AEDA
The results were expressed in terms of the FD-factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil in which the odor can be still detected by GC-O. The highest sample concentration 10 mg/mL was assigned to an FD-factor of 1. The volatile oil was diluted stepwise with diethyl ether 1:1, v/v , and aliquots of the dilutions 1 mL were evaluated. The process was stopped when the evaluators detected no aroma for a certain dilution.
Identi cation of compounds
Identification of the individual compounds was based on: i comparison of their retention indices RI on apolar and polar columns, determined relative to the RIs of a series of n-alkanes C 8 -C 26 with literature data; ii computer matching with commercial mass spectral data Wiley, Mass Finder 4, NIST02 libralies and comparison of the spectra with literature data.
Quanti cation of compounds
The components of the oils were quantitatively analyzed by the internal standard addition method alkanes C 12 and C 19 . The volatile oil was diluted 100 times to 1 mL volume using diethyl ether, and 5 μL of a mixture of C 12 and C 19 1 mg/mL was added to the diluted oil. Further, the samples were analyzed using GC-flame ionization detector FID . Quantitative analysis was performed on the basis of calibration curves for 2E -hexenal peak 1 , 3Z -hexenol peak 2 , 2-butoxyethanol peak 3 , α-pinene peak 8 , phenylaldehyde peak 10 , β-myrcene peak 12 , 3Z -hexenyl acetate peak 14 , α-terpinene peak 15 , p-cymene peak 16 , limonene peak 17 , 1,8-cineole peak 18 , phenylacetaldehyde peak 19 , terpinolene peak 22 , linalool peak 23 , nonanal peak 24 , borneol peak 29 , geraniol peak 34 , bornyl acetate peak 37 , α-cubebene peak 41 , α-copaene peak 45 , geranylacetate peak 46 , E -β-caryophyllene peak 51 , aromadendrene peak 54 , Z -β-farnesene peak 57 , α-humulene peak 58 , bicyclogermacrene peak 67 , δ-cadinene peak 71 , E -nerolidol peak 78 , α-muurolol peak 94 , and 2Z,6E -farnesol peak 99 within the concentration range of 0.5-1000 μg/ mL.
Results and Discussion
The oil from HD and SAFE had colorless in yields of 0.050 and 0.032 w/w . The HD oil had a floral-sweetspicy-woody odor, while the SAFE oil had a spicy-woodysweet-green odor. Total of ninety-nine compounds were identified, which comprised 98.0 HD and 99.7 SAFE . In this study, we newly identified eighty-five compounds in the oils from M. obovata leaves. The identified volatile compounds, along with their concentrations and the RIs on the HP-5MS and DB-WAX columns are listed in Table 1 . Both oils consisted mainly of a sesquiterpene hydrocarbon, namely, E -β-caryophyllene 23.7 : HD, 48.9 : SAFE , was the most abundant compound, followed by α-humulene 11.6 : HD, 15.7 : SAFE . In HD oil, the other predominant compounds were monoterpene alcohols, such as geraniol 9.1 and borneol 7.0 . In the SAFE oil, sesquiterpene hydrocarbons, such as bicyclogermacrene 4.2 , aromadendrene 2.6 , and δ-cadinene 2. 6 were the other predominant compounds observed. Other compounds detected were monoterpene C 6 compounds, such as 2E -hexenal and 3Z -hexenol. These oils were observed to contain several terpenoids mono-and sesqui-. Among these compounds, many sesquiterpenes, accounting for approximately 67 and 82 of the total oil, were identified in the HD and SAFE, respectively. In particular, twenty-one compounds with the cadinane skeleton were identified. Sesquiterpene biosynthesis seems to be complex since the formation via either pathway mevalonic or methylerythrytol or a combination of both has been reported 21 . Nevertheless, sesquiterpenes appear to be ubiquitous in plant taxa and some insects, and are associated with cytosolmitochondria. It has been reported that sesquiterpenes possess antihyperlipidemic activity. Studies indicate that the activity of the essential oil might be due to the synergistic effects of the active compounds 22 .
The aroma-active compounds in both the HD and SAFE oils obtained from M. obovata leaves were identified by GC-O and AEDA, and are listed in Table 2 . Thirty aromaactive compounds twenty-four: HD, twenty-five: SAFE in the oils were detected. The range of FD-factors for the peaks was 1 to 256. Comparison of the gas chromatograms with the corresponding aromagram FD-factors of the odor-contributing compounds for the HD and SAFE methods is shown in Figs. 1 and 2 . On the basis of the FDfactor, linalool FD 256; floral, citrus , geraniol FD 256; floral , E -β-caryophyllene FD 128; spicy, woody , α-humulene FD 128; woody , 1,8-cineole FD 128; sweet , bicyclogermacrene FD 64; balsamic, spicy and 2Z,6E -farnesol FD 64; sweet were identified to be the most aroma-active compounds in HD oil. The AEDA results revealed that linalool and geraniol emits a floral odor, while bornylacetate, α -copaene, E -β -caryophyllene, α-humulene and bicyclogermacrene produce a spicy and/ or woody odor in the HD oil. On the other hand, E -β-caryophyllene FD 256 , 1,8-cineole FD 128 , linalool FD 128 , and α-humulene FD 128 had higher FD-factors in SAFE oil. The following components had FDfactors greater than 64: phenylacetaldehyde green and bicyclogermacrene. Comparing the two sample preparation Table 2 Odorants of essential oil from liaves of M. obovata. Fig. 1 TICs of essential oils from M. obovata leaves using two sample preparation methods.
methods, the levels of linalool and geraniol in HD oil were found to be greater than those in the SAFE oil. Moreover, the levels of 2E -hexanal and phenylacetaldehyde in SAFE oil were higher than those in the HD oil. As a result, it was confirmed that HD oil had a strong floral odor, while SAFE oil had a strong spicy and woody odor. The sniffing test and AEDA revealed both aroma-active and aromacharacteristic compounds. The OAV method was used to determine the relative contribution of each compound to the M. obovata leaves odor. The OAV was calculated by dividing the concentration of the compound by the odor threshold. The determination of FD-factors provides a first impression of potent aroma-active compounds. Nevertheless, the flavor contribution of these odorants can be better estimated by calculating their OAVs. These values are defined by dividing the concentrations of the compound by its recognition threshold in a suitable matrix in Table 3 . For OAVs 1, an impact of the respective compound on the overall flavor can be assumed 23 . Among the aroma-active compounds of HD oil, geraniol 1139 , linalool 1058 , Fig. 2 Gas chromatogram and FD-factor (aromagram) of essential oils from M. obovata leaves using two methods: peak 1, (2E)-hexanal; peak 18, 1,8-cineol; peak 23, linalool; peak 24, nonanal; peak 34, geraniol; peak 51, (E)-β-caryophyllene; peak 58, α-humulene; peak 96, α-cadinol; peak 99, (2Z,6E)-farnesol.
and E -β-caryophyllene 787 showed high OAV value. These compounds are thought to impart the sweet-spicywoody odor to M. obovata leaves. On the other hand, among the aroma-active compounds of SAFE oil, E -β-caryophyllene 1043 , phenylacetaldehyde 656 , and linalool 363 were found to have high OAV value. On the basis of AEDA, OAV and sensory evaluations, we detected these compounds as the key aroma-active compounds of the essential oil. It seems that these compounds contribute to the characteristic odor of M. obovata leaves.
Conclusions
The essential oil from M. obovata leaves by two sample preparation methods HD and SAFE is described, along with the first report on the detailed chemical composition and the characteristic odor compounds of the oils were investigated by a sensory evaluation and using the concept of OAVs. On the basis of AEDA, OAVs and sensory evaluations, E -β-caryophyllene, α-humulene, linalool, geraniol, 1,8-cineole and bicyclogermacrene were found to contribute to the characteristic odor of the two sample preparation methods. These results signify that the oils derived Table 3 Odor activity values of aroma-active compounds from leaves of M. obovata.
Aroma evaluation of Magnolia obovate leaves
from M. obovata leaves deserve further investigation for confirming their application in the food and pharmaceutical industries.
